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Introduction

During the spring through the summer of 1965, an unusual outbreak of a needle blight
of Japanese pines, especially of Japanese red pine, Pinus densiflora Sies. et Zucc., was record-
ed from the low-altitude areas throughout the central and eastern parts of Japan. Such
occurrence of this needle blight has not been recorded previously in Japan, although locally
restricted development of the disease has been observed several times?®3®, On these blighted
needles a particular fungus was usually recognized and it was tentatively called a species
of the genus Rhizosphaera or Rhizophoma. This epidemic occurrence of the needle blight
extending over vast areas provided a good opportunity for the author to determine systematic
position of the fungus. Accordingly, many fresh materials of pine and other conifers showing
similar signs as those on pine were collected from various localities to examine in detail
the morphology of the fungus found on them.

1n the course of examination on these materials, it was found that at least three species
of fungi belonging to the same genus being separable only by their spore size, were distri-
buted in Japan. Moreover, a question whether the genera Rhizosphaera and Rhizophoma
precisely differ from each other or not, came to the author’s mind. To answer this question,
morphology of Japanese species was comparatively studied with that of the authentic speci-
mens of the genus Rhizosphaera. This paper describes the results of critical study on the
genera Rhizosphaera and Rhizophoma, and gives additional information on the species
belonging to these genera.
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Criticism and revision on the genera Rkiizosphaera and Rhizophoma

In examining many materials collected newly or deposited in the laboratory herbarium,
it was found that the fungi associated with the needle blight of pines and other conifers
were divided into three groups which belonged to the same genus but were apparently dis-
tinguishable by their spore size. Concerning the determination of systematic position of
these fungi, some confusion in literature has been found.

In 1907, Mancin and Harior!® who investigated a needle blight of Abies pectinata in Jura
province of France, described a genus Rhizosphaera as a new member of Sphaeropsidales
based on the fungus inhabiting blighted needles. The basic ground, by which they differen-
tiated it from the hitherto known genera, was the structure of pycnidium. According to
them, a stalk like bundle of brown hyphae grows up from the hyphal mass aggregated
beneath the stoma, and penetrates through the stoma, then finally forms a pycnidium on the
stoma. Therefore, mature pycnidia have apparent stalk and hyphal mass at their base.
Mancin and Harior likened the fruit-body of Rhizosphaera abietis Mancin et Harior, the type
species of the genus, to a balloon; i.e., hyphal mass was equivalent to a hanging basket,
stalk to sash-chain, and pycnidium to ball.

At the same time, they recorded that there were two different ways in conidial forma-
tion. Pycnidial wall which is formed from outer hyphal layer of the stalk changes into the
spore producing cells having short conidiophore. Branched brown hypha which grows upward
from inner hyphal strand of the stalk, is the source of another way in its conidial formation.
Conidia are produced on these hyphae at the inner part of pycnidium as if they are produced
on the long slender conidiophore (Figure 5 in Mancin & Harior). They, however, mentioned
only the former type of conidial formation in their description, that is “sporophora brevia,
simplicia, monospora”.

Shortly after the time when Mancin and Harior erected the genus Rhizosphaera, Mav-
sLANC'® found that two older species would belong to this genus. One of them, Coniothyrium
pini Corpa, was considered by him to be the same species as Rhizosphaera abietis Manc. et
Har. and he recombined it newly as R. pini (Cpa.) MausL. having a synonym of R. abietis,
For another species, Sacidium abietis Oubemans, he gave a new combination of Rhizosphaera
oudemansii MausL. to avoid confusion with R. abietis Manc. et Har. According to the descrip-
tion of this fungus®®, it has filiform conidiophore.

In 1914, BusAk® added one species to this genus based on his re-study of an older
species, Sphaevonema pini Desmaziire described in 1848. He named it newly as Rhizosphaera
kalkhoffii Bus., because the species name pini could not be used for it owing to the Corpa’s
older species, R. pini (Cpa.) MausL. described in 1840. With regard to the way of conidial
formation in this fungus, BusAk noted that the conidia were directly born on the inside cell
of pycnidial wall; in other words, conidiophore was absent.

Shortly after, HouneL? established Sclerophomaceae as a new family of Sphaeropsidales,
in which he aggregated many pycnidial fungi having no conidiophore. Rhizosphaera kalkhoffii
Bus. was transferred by him to the genus Sclerophoma and revived its species name pini as
S. pini (Desm.) HouneL. Van Luvk!® who studied several species of the genus Sclerophom;z
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inhabiting coniferous plants, however, rejected HomneL’'s treatment and supported Bupik’s
name for the fungus in question. He thought the genus Sclerophoma HomneL consisted of
heterogeneous fungi that needed re-examination. In 1924, PeTrak®? discussed relative
connection in the fungi belonging to the family Sclerophomaceae. It was emphasized in his
conclusion that the family was composed from quite heterogeneous genera in relation to
their structure and life-history, and, at least five distinguishable ways of conidial formation

were observed among them.

WiLson and WaLpie?3 reported two Rhizosphaera species, i.e. R. pini (Cpa.) MausL.
and R. kalkhoffii Bus., from Britain. They stated that British materials of Rhizosphaera pini
always produced its conidia directly on the inside wall of pycnidium, and such long conidio-
phore as that noted by Manciv and Harior was not observed in these materials. As to
Rhizosphaera kalkhoffii, they noted that chief points to differentiate this species from R. pini
were the smaller conidia and entire lack of conidiophore.

In 1927, Perrak and Svypow?¥’, who published a result of re-examination on various
pycnidial fungi having unicellular conidia, established a new genus Rhizophoma with a new
combined species Rhizophoma pini (Desm.) Perr. et Syp., segregating it from the genus Rhi-
zosphaera. Exactly the same reason by which WiLson and WaLpie distinguished two species
of the genus Rhizosphaera, R. pini (Cpa.) Mausr. and R. kalkhoffii Bus. (=Rhizophoma pini
(Desm.) Petr. et Syp.), prompted them to separate two genera, Rhizosphaera and Rhizophoma.
Namely, they estimated the different ways in conidial formation between them as an impor-
tant characteristic to distinguish these genera each from the other.

In 1947, WaTerMAN®® reported Rhizosphaera kalkhoffii Bus. from the United States and
noted its conidial formation by the budding way.

Now, if the systematic position of Japanese fungi which are summarily shown in Table
2 is judged from the description of genera Rhizosphaera and Rhizophoma, there is no doubt
that they belong to the genus Rhizophoma PeTrax et Sypow. However, in view of literature
cited above, a question arises as to whether or not the genus Rhizophoma would be distinctly
differentiated from the genus Rhizosphaera. The first reason is that the existence of conidio-
phore in the genus Rhizosphaera Mancin et Harior seems to be doubtful. On the type
species of the genus Rhizosphaera, R. pini (Cpa.) MausL., the workers other than Mancin and
HarioT, did not observe the existence of conidiophores. In addition to this fact, that the
rest of dissolving contents in pycnidium are often misjudged to be a real conidiophore among
the pycnidial fungi having no conidiophore has been well known®?>. Secondly, Prtrak and
Sypow, by whom the genus Rhizophoma was segregated from the genus Rhizosphaera, did not
ascertain directly the way of conidial formation in Rhizosphaera pini (Cpa.) MausLanc, They
accepted the existence of conidiophore in the genus Rhizosphaera from the description and
figure made by ManciNn and Hawrior.

In order to dispose of this uncertainty, two authentic specimens of Rhizosphaera pini
(Cpa.) MausL. identified by Mancin were investigated in detail. From this investigation it
was revealed that the general features of this species were quite identical with those of
Rhizophoma Perr. et Sypow. No conidiophores were recognized and conidia were born directly
on the inside wall of pycnidium or on the wall of inner hyphae. Then, it may be said that
the conidiophores of Rhizosphaera observed by Mancin and Harior are no more than the rest
of dissolving hyphal wall.
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Judging from the foregoing facts, it can be concluded that there is no reason to separate
both genera, Rhizosphaera Mancin et Harior and Rhizophoma Prrrax et Sypow, from each
other. Description for the genus Rhizospaera given by Mancin and Harior, therefore, will be
amended as follows, and the genus Rhizophoma PrTrak et Sypow treated as a synonym of
the genus Rhizosphaera.

But by conceding that the genus Rhizophoma was contained in the synonym of genus
Rhizosphaera, a further problem arises. Type species of both genera have the same species
name pini, respectively. However, it will be clear, as pointed out previously by BusAx®,
that Conmiothyrium pini Corpa described in 1840, the oldest synonym Rhizosphaera pini (Cpa.)
MausL., possesses its nomenclature. Species name pini in Rhizophoma pini (Desm.) PeTR. et
Syp. which was first described by Desmazitire in 1848, therefore, could not be used under the
genus Rhizosphaera. Then, Rhizosphaera kalkhoffii BuBik is revived again for it instead of the

old species name pini originated from Sphaeronema pini DESMAZIERE.

In “Genera of Fungi” published in 1931, CLements and Suear® treated the genus Ectos-
ticta Seec.?® and Sclerochaeta HOun. (=Chaetopyrena Pass.”®) as synonyms of the genus
Rhizosphaera. The author has not seen any specimens of these two genera. Judging from
the description, the genus Ectosticta differs distinctly from the genus Rhizosphaera by its
entirely superficial pycnidia having no hypostroma——stalk and hyphal mass——and the
genus Sclerochaeta also differs in its superficial and setous pycnidia. Then, the author
retains here the treatment by CLemenTs and SueaR as a problem to be cleared up in future.

Concerning the life history of the genus Rhizosphaera and/or Rhizophoma, PeTrAK presumed
that the perfect stage of these fungous groups was probably species of the genus Phaeocryp-
topus Naoumorr. On the other hand, Roupe®” gave a practical disproof against PeTrAK’S
assumption, based on his isolation experiment from the conidium of Rhizosphaera and asco-
spore of Phaeocryptopus. According to him, cultural characters of Rhizosphaera species were
different from those of Phaeocryptopus. PeTrax®®, however, once more rejected Roupe’s
opinion and presented life historical schema of these fungi; i.e., Rhizosphaera pini (Cpa.)
MausL. was equivalent to macroconidial. stage of Phaeocryptopus nudus (Prck) Petr., and
Rhizophoma pini (Desm.) PeTr. et Syp. to microconidial stage of it, though he did not give
any practical evidence. Perrak’s supposition was accepted exactly in AinsworTa and Bissy’s
“Dictionary of Fungi”®.

It is quite doubtful, however, whether Rhizophoma pini (Desm.) PeTr. et Syp. is the
microconidial stage of Phaeocryptopus nudus (Psck) Perrak. No similarity between these two
fungi has been recognized in the isolation experiments, as noted in the latter part. To
clear up the genetic relation between the species of the genera Rhizospaera and Phaeocryptopus

is an important problem to be solved in future.

Rhizosphaera MANGIN et HARIOT, charact. emend., Bull. Soc. Myc. France 23 : 56,
1907; Saccarpo, Syll. Fung. 22 : 917, 1913; Grove, Coelomycetes I, 141, 1935
Synonym : Rhizophoma PeTrak et Sypow, Rept. Spec. Nov. Regn. Veg. Beih. XLII, 472, 1927
Mycelium grows within the blighted needles which are grayish brown to reddish brown
in colour, aggregates beneath the stoma and forms a ball-like hyphal mass, brown to greenish
brown in colour. From such hyphal mass slender hyphal strand grows up, penetrates the
stoma and forms a stalk-like bundle in the stomatal cavity. Outer hypha of the bundle
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continuously grows up and specializes to pycnidial wall. Inner hypha branches sparsely and
fills finally within the pycnidium. At this stage many small black dots are macroscopically
recognized on blighted needles in several regular rows equivalent to those of stomata. Under
a hand lens, pycnidium is found to be a small black globule with white resinous mass on it,
but becomes pale to yellowish brown in colour under moist condition. Pycnidium is globular
to subglobular, somewhat flattened at the lower part, and has a stalk- and ball-like hypostroma
at its base. Hypostroma is more clearly visible on the host plant, having thick epiderm and
wide stomatal cavity. Pycnidial wall is constituted from a layer of brown-coloured hypha.
Inner part of pycnidium is also constituted from prosenchymatous brown hyphae at immature
stage. With its maturity, conidia are born directly from the wall of hyphae and inside wall
of pycnidium, and, these inner hyphae are dissolved gradually. Consequently, mature pycni-
dium is filled entirely with pycnospores instead of brown hyphae. Ostiole is lacking, but
pycnidium breaks out irregularly at its upper part. Conidiophore is absent, although in some
cases rest of dissolving hyphal wall is incorrectly judged to be conidiophore. Pycnospore is
hyaline, unicellular, ovoid, elliptic or cylindric, often somewhat irregular shaped.

Species of the genus Rhiizosphaera MANGIN et HARIOT

Since 1907 when the genus Rhizosphaera was established by Mancin and Harior as a
monotypic member of Sphaeropsidales, three species were added to this genus, and four
species are known in this genus at the present time. Morphology of these fungi reported by
many workers is summarily presented in Table 1. In addition to this table, morphology and
host of Japanese materials collected on various conifers are given in Table 2, and average
size of conidia in each material is dotted in Figure 1 together with those of hitherto known
species. Histograms of length, width and length/width ratio of conidia of Japanese materials,
being separable into three groups chiefly by their spore size, are shown in Figures 2 to 4.

It is apparent from these tables and figures that morphology of the fungus included in
group I of Table 2 quite agrees with that of Rhizosphaera kalkhoffii Bus. reported by many
workers®®2260803035) - Piyys is the common host between them, although the latter has been
reported more often on the needle of Picea. From these viewpoints Japanese materials
including group I are identified as Rhizosphaera kalkhoffii BusAk. Moreover, no essential
differences are recognized between Rhizosphaera kalkhoffii Bus. and R. radicata Naouwm. as
pointed out previously by Luvx!'* and Perrak and Svpow?®, so the latter is included in the
synonyms of the former in this paper.

Group II consists of three materials, and their spore size completely overlaps those of
Rhizosphaera pini (Cpa.) MausLanc. It is presumed from the fact discussed above that
Mancin and Harior incorrectly recognized the existance of conidiophore in this species.
This being so,the fungus collected on Abies and Tsuga in Japan is identified as Phizosphaera
pini (Cpa.) MausL.,, and morphological characteristics of this species will be emended in the
latter part.

No identical species with the materials of group I which have largest conidia was found
among the hitherto known species as shown in Table 1 and Figure 1. Their conidia are
far longer than those of Rhizosphaera pini. In the case of Rhizosphaera pini, length of
conidia ranges from 15 to 21.5x (18x in average), whereas that of group 1 range from 20
to 37.5x with the average 25.1x. On the other hand, width range of conidia in these two



Table 1. Comparison in morphology and host range of the hitherto known species of the genus Rhizosphaera.

Pycnidium Conidium
Species Host Author
Size Pore Conidiophore Size Shape
Abies pectinata ManGin & Harior!® 90Xx120 + 16~20% 8 ovoid
Rhizosphaera A. fraseri VuiLLemin®® 64~75 + — 17~18X7.5 oblong elliptic
pini (Cpal) A. grandis Saccarpo®® 16~18 oblong ovoid
MAUBL Pinus sp. WirsoNn & WaLpig®® 90~120 - 16~20X 8 globular to ovoid
Grove® 90~120 — 16~20X8 oblong ovoid
KoBAYASHI 50X 122 — - 15~20X7~9.5| elliptic to ovoid
. 17)
R. oudemansii Abies grandis MauvsLanc 60~100 + 9~13X7~9.5 | elliptic
MaAusL. Saccarpo®®
R . .. 19 .
R. radicata Abies sibirica NaouMmorr 70~100 _ + 5.5~8.25%4 ovoid to oblong
Naoum. A. pectinata Saccarpo®® ovoid
Picea excelsa, P. pun- Busak® 80~150 — 7~10X3~4 ovoid to elliptic
gens, P. pungens var. WiLson & WALDIES? — 7~10X 3~4 ovoid
argentea, P. nigra, P. Perrak & Sypow??® 70~160 — — 5~10X2.7~4 | ovoid to elliptic
R. kalkhoff sitchensis, P. glauca, Saccarpo?® 50 10 ovoid
BuUBAK P. orientalis, P. sch- Grove® 80~150 — — 7~10X3~4 ovoid
(= Rhizophoma renkiana, P. abies, WATERMAN®? — — 7~10X 3~5 ovoid
pini (Desw.) Abies pectinata,
PeTr. et Syn.) A. nobilis,
Pseudotsuga douglasii
Pinus austriaca, P.
montana, P. strobus,
P. mugo, P. nigra

S MEE W

£ 702 8
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Table 2. Data of the genus Rhizosphaera collected in Japan.
Conidia
Host Locality Altitude
Size Shape
Pinus densiflora | Meguro, Tokyo <600m| 5.5~ 7.5X 2.8~ 3.5u ell(i)l‘)gicdto

7 Chiba-city, Chiba Pref. 2 6.0~ 9.0X 3.0~ 4.5 a
a Fujiyoshida, Yamanashi » 5.0~ 7.5X 3.0~ 3.5 »
7 Minori, Ibaraki Pref. - 7.5~10.0X 3.8~ 5.0 7
I | Pinus thunbergii| Meguro, Tokyo s 6.5~ 9.0X 3.0~ 4.0 7
7 Mie Pref. 2 6.0~ 8.0X 3.0~ 4.0 7
2 Chiba-city, Chiba Pref. 7 7.0~10.0X 3.0~ 4.5 2
7 Uchihara, Ibaraki Pref. 7 6.3~ 8.8X 3.0~ 4.5 7z
Pinus excelsa | Mito, Ibaraki Pref. 7 7.0~10.0X 3.8~ 5.0 7
Abies veitchii | Narusawa, Yamanashi |>1,000] 15 35 3% 7.5~10.0 P

Pref.

o 2 Gotenba, Shizuoka Pref. 7 15.0~21.3X 7.5~11.3 7
T suga diversi folia IP?Ira;usawa, Yamanashi s 16.3~20.0X 8.0~12.5 7
Abies mariesii 7 2 20.0~26.3X 7.5~10.0 elliptic to

Pinus pumila
# (on culture)

Miyata, Nagano Pref. 7

21.3~37.5X 8.8~12.5
22.5~30.0X10.0~12.5

cylindric
7z

4

e Hitherto known species
M 1 R.pint
30k 2 PR.oudemansit
[. 8 R kalkhoffi
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o5k © Japanese materials ) °
B o
20f
B Ve .
K ] o
B -
15F
B .
]o : 8‘0.00
N s
- 8° %4
5 3
2, 4 8 10 12/a

Figure 1.

6
Width

Average size of conidia in hitherto known species of the
genus Rhizosphaera and in each material collected in Japan
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Rhizosphaera entirely overlap each other, and no difference is recognized in their average
size as shown in Table 2 and Figure 3; namely 7~12.5x¢ (9.3z in average) is the case of
Rhizosphaera pini and in the case of group I width of conidia ranges from 7.5~12.5x (9.8
in average). Then, group I presented in Table 2 seems to be separable fairly well from
Rhizosphaera pini (Cpa.) MausL. by its length and length/width ratio of conidia as shown in
Figures 2 and 4.

However, determination of the species on group MI is retained here until comparative
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Figure 2. Histogram of length of conidia in three Japanese species of
the genus Rhizosphaera (Total numbers of measured conidia)
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Figure 4. Histogram of length/width ratio of conidia in three Japanese
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«cultural and life historical studies between Rhizosphaera pini (Cpa.) MausL, énd the fungus
-of ‘group 1T have been conducted. Monosporous culture from the fungus collected on Pinus
_pumiila, one of the materials of group I, distinctly differs from that of Rhizosphaera kalk-
.hoffii Bus. (Plate 4, H), but it is still uncertain whether it also differs from that of R, pini
-or not, owing to the failure to obtain monosporous culture of the latter. As noted above,
.genetic connection between Phaeocryptopus nudus (Peck) Perr. and Rhizosphaera kalkhoffii Bus.
-was denied by the comparative cultural studies®® (Plate 4, H). The relationship between
Phacocryptopus nudus and Rhizosphaera species other than R. kalkhoffii has not yet been criti-
-cally investigated fully, so it seems to be necessary to supplement present knowledge by
further morphological and life-historical studies based on many fresh materials and culture
‘from them. Therefore, materials of group TI presented in Table 2 are treated here as an
-undetermined species of genus Rhizosphaera.

1. Rhizosphaera pini (CORDA) MAUBLANC, charact. emend. ——(Plate 1, A~E; 2, A
-~C; Figure 5)——Bull. Soc. Myc. France 23 : 171, 1907; WiLson & WaLpig, Trans. Brit. Myc.
Soc. 13:151~152, 1928; Grove, Coelomycetes I, p. 141~142, 1935

Synonym : Coniothyrium pini Corpa, Icon. Fung. IV, p. 38, t. VI, f. 105, 1840

Sacidium pini (Cpa.) Fries, Summ. Veget. Scand., p. 420, 1849
Leptothyrium pini (Cpa.) Saccarpo, Syll. Fung. 3 : 627, 1884
Rhizosphaera abietis Mancin et Harior, Bull, Soc. Myc. France 23 : 56~57, 1907

Mycelium grows within the blighted needles which are grayish brown to reddish brown
‘in colour, aggregates beneath stoma and forms a ball-like hyphal mass which is brown to
greenish brown in colour and, 20~45X33~45x in size, From such hyphal mass a few slender
hyphal strand grow upward, penetrate the stoma and form a stalk-like bundle, 45~63 X 10~
134 in size, in the stomatal cavity. Outer hypha of the bundle continuously _grows up and
‘specializes to the pycnidial wall. Inner hypha branches sparsely and finally fills within the
-pycnidium. At this stage, many small black dots are macroscopically recognized on the
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blighted needles in a few regular rows equivalent to those of stomata. Under a hand lens,
pycnidium is found to be a small black globule with white resinous mass on it, but becomes:
pale to yellowish brown in its colour under moist condition. Pycnidium is globular to-
subglobular, somewhat flattened at the lower part, 50~65X55~125. in size, and has stalk-
and ball-like hypostroma at its base. Hypostroma is more distinctly visible on the host:
plant having thick epiderm and wide stomatal cavity. Pycnidial wall is constituted from a.
layer of brown hypha. Inner part of pycnidium is at first constituted from prosenchyma-
tous brown hyphae. With its maturity, conidia are born directly on the inside wall of
pycnidium and wall of inner hyphae, and, these hyphae are gradually dissolved. Consequently,.
the whole pycnidium is filled with many hyaline conidia instead of brown hyphae. Ostiole
is lacking, but pycnidium breaks out irregularly at its upper part. Conidiophore is also-
lacking, although in some cases the rest of dissolving inner hyphae remains and is incorrectly-
taken to be conidiophore. Pycnospore is hyaline, rarely become brownish with age, unicel-
lular, elliptic to ovoid, rounded at both ends, often somewhat irregular in shape, 15.0~ "
21.5X7.0~12.5p, usually 16~20X7~10x in size.

Host : On blighted needles of Abies pectinata DC.19313 A, grandis Linp.2343% A, fraseri.
Lino., A, veitchit Lino, (Shirabe), Pinus sp.2® and Tsuga diversifolia Maxim. (Kome-tsuga).

Distribution : Europe (France®!93D, Britain®293% Germany®, Austria®3?, Czechoslovakia®>
8D, Italy®®®), North America (Unjted States®?), and Asia (Japan).

Material : Abies pectinata——Ambert, France, I[-30, 1905, by M. Brevier (Para-type);.
Vorgu, France, IV-, 1908, by M. Mancin, Abies veitchii——Narusawa, Yamanashi Pref., VI-22,

Figure 5. Rhizosphaera pini (Cpa.) MAusL.
a: Pycnidium having hypostroma which constitutes of stalk-like and
ball-like hyphal tissue (on Abies veitchii Linp.) (livy 50u)
b: Conidia produced on Abies veitehii Lino, (— 10u)
c: Conidia produced on Tsuga diversifolic Max.
d : Conidia produced on Abies pectinata DC.



SEETTENREORRS ICEOERR (MO —101 —

1966, by T. Kosavasur & T. Uozumi; Gotenba, Shizuoka pref., X-20, 1966, by M. Sano. Tsuga
Adiversi folia——Narusawa, Yamanashi Pref., VI-22, 1966, by T. Kosavasui & T. UozumrL

Note: In Japan this species was found in the high mountain region and not on pines
:grown in lowland areas as shown in Table 2. No instance of serious damage caused by the
present Rhizosphaera in Japan has been recorded, though at first this fungus attracted the
attention of French mycologists in causing serious needle blight of Abies pectinata. Several
attempts to isolate this fungus were unsuccessful, so to verify PeTrax’s presumption that
‘this species is the conidial stage of Phaeocryptopus nudus (Peck) PeTrRak remains the object
-of future study.

2. Rhizosphaera kalkhoffii BUBfAK—(Plate 2, D~F; 3, A~D; Figure 6)—Ber.
‘Deut. Bot. Ges. 32 : 188~190, 1914; Luvk, Ann. Myc. 21 : 133~142, 1923; WiLson & WALDIE,
“Trans. Roy. Scott. Arboric. Soc. 40 : 34~36, 1926; Grove, Coelomycetes I, p. 141~142, 1935;
“WaTterMaN, Phytop. 37 : 507~511, 1947

Synonym : Sphaeronema pini Desmaziire, Ann. Sci. Soc. Nat. 3, Ser. X, p. 347, 1848

Phoma pini Saccarpo, Syll. Fung. 3 : 101, 1884

Sclerophoma pini (Desm.) HoOmner, Sitzb. Akad. Wiss. Wien, Math. Nat. K.
Abt. I, Bd. 118 : 1234, 1916

Rhizophoma pini (Desm.) PeTrak et Sypow, Rept. Spec. Nov.‘Regni Veget.
Beih. XLII, p. 472~474, 1927

Rhizosphaera radicate Naoumorr, Bull. Soc. Myc. France 30 : 385, 1914

General features of this species closely resemble those of Rhizosphaera pini (Cpa.) MAausL.,
the type species of this genus, so it is very difficult to distinguish them macroscopically or
under a hand lens one from the other. Pycnidium is 50~95X%50~1154, and has stalk- and
ball-like hypostroma which is 45~58 X 18~23x and 40~58x30~50x in size, respectively, at
its base. Ostiole is lacking, but appears irregularly at the upper part of pycnidium. Coni-
.diophore is absent. Conidia are produced directly on the inside wall of pycnidium and wall
.of inner hyphae. Inner hyphae dissolve with the maturity of pycnidium. Finally, pycnidium
-is filled with many pycnospores. Conidium is hyaline, elliptic to ovoid, unicellular, 5.0~10.0
%X 3.0~5.0z, usually 6~8X%X3~4x in size.

Host: On blighted needles of Picea excelsa Ling®28%%, (Oshu-tohi), P. pungens EnceLm.?
B0 P, pyngens var. argentea®P1®20) P pigrg Ling®P3®, P, sitchensis TRAUT. et
"MEeYER®®ZD) P glauca®®27%, P, orientalis CARR.D3®, P, abies'®?83D, P, schrenkiana Fisu. et
‘MEYER?P®®, Abies pectinata DC.O2%, A, nobilis Linp. D183, A, sibirica Lepes.'?®, Pseudotsuga
.douglasii CARR.®®, Pinus austriaca Hoess.®™, P. montana MiLL.2®®, P, strobus L., P. mugo
Porr.18?®, P, nigra Arn®®, P, densiffora Sies. et ZuccH12192980) (Aka-matsu), P. thunbergii
ParLAIDB2OIO (Kuro-matsu), and P. excelsa WarL. (Himaraya-goyo).

Distribution : Europe (Russia!®?®, Austria®, France®, Germany®, Czechoslovakia®,
‘Norway!®?%, Britain®2020208 Treland®®, Netherland?*®?"3®)), North America(United States!’s?,
-Canada'®), and Asia (Japan!'V).

Material : Pinus densiflora——Meguro, Tokyo, VI-18, 1966, by K. Tanaka; Chiba-city,
-Chiba Pref., VI-25, 1965, by T. Uozumi; Fujiyoshida, Yamanashi Pref., Vii-8, 1965, by A. Envo:
Minori, Ibaraki Pref., -, 1965, by H. Konbo. P. thunbergit Meguro, Tokyo, VI-18, 1966,
by K. Tanaka; Chiba-city, Chiba Pref., VI-25, 1965, by T. Uozumi; Uchihara, Ibaraki Pref.,
‘M-, 1965, by H. Konpo, Pinus excelsa——Mito, Ibaraki Pref., X-3, 1966, by T. KoBAYASHI.
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Figure 6. Rhizosphaera kalkhoffii Buik

: Immature pycnidium on Pinus densiflora S. et
Z. showing young conidia produced directly on
the wall of innér hyphae

: Mature pycnidium on Pinus thunbergii Parv.

: Conidia produced on Pinus densiflora S. et Z.
(— 10#)

HERRBIERE #2047

Note: The present fungus:
has commonly been reported to-
be a causal agent of the needle:
blight of spruce, especially of’
Picea pumgens, in Europe and.
North America, though it has wide:
host range on various conifers-
including pines. However, biology"
of this fungus has not yet been.
critically investigated fully. Roube.
25 and WaTerMAN®® obtained suc-
cessfully its culture and some:
cultural characters on agar media.
were noted by them. WATERMAN®
and Prace?® pointed out the:
importance in determining patho--
genicity of the present species as.
applying to coniferous plants,.
although they obtained only nega--
tive results. In Japan, the pre-
sent fungus was first recorded by
Supo?®®® who examined succes-
sive occurrence of the needle:
blight of pines caused by it in a.
limited area of the San-in Dist-
rict. In a case of epidemic out-
break of the pine needle blight
during the year of 1965, Caisa®”
and Kownpo!®'® discussed the pre--
disposing factors in pines to the
present Rhizosphaera based on
their analytical examination of
the diseased stands. Kownpo!»!®
also noted different susceptibility
among many Japanese pine clones:
pertaining to the needle blight..
Cuisa®® and Peace®® suggested.
conclusively that infection of fun--
gus and/or development of the:
disease may be stimulated by
abnormal water relation onto pine:
or spruce brought by drought.

The present fungus was-

easily isolated. Two ways of

germination were generally
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observed. In the first, its conidium multiplicates in a budding way and the fungus gradually
increases the number of secondary conidia by repeated multiplication. Hyphae grow from
the mass of secondary conidia. The other case is the normal type of germination, i.e.
germ-tube is born on conidium directly. In either case colony finally shows similar macro-
scopic appearance. Growth of colony is fairly fast and mucous conidial drops are scatteredly
produced on blackish mycelial colony. Conidia are luxuriantly produced on the cultural
hyphae without conidiophore as illustrated by Waterman®®. Culture of the present fungus
differs-much from that of Phaeocryptopus nudus (Peck) PeTr. as pointed out previously by
Ronpe®’ (Plate 4, H).

3. Rhizosphaera sp.——(Plate 3, E, F; 4, A~E; Figure 7)

General features of this undetermined species of genus Rhizosphaera bear close resemblance
to those of two Rhizosphaera described above. It is very difficult to distinguish these three
Rhizosphaera macroscopically, as they differentiate only by microscopic examination one from
another. Pycnidium is 65~85X 70~100z, and has stalk- and ball-like hypostroma, 55~70x in
length and 20~38X20~50x in size, respectively. Ostiole is lacking. Conidiophore is absent.
Pycnospore is produced directly on the inside wall of pycnidium and mass of inner hyphae.
These inner hyphae dissolve as the pycnidium age and pycnidium is finally filled with many

Figure 7. Rhizosphaera sp.

: Pycnidium on Abies mariesii MasT.
: Conidia on Abies mariesii
: Pycnidium on Pinus pumila ReGeL.

: Conidia on Pinus pumila

® A 60 T o

: Conidia on culture isolated from a material on Pinus pumila
(=50, —=10u)
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conidia. Conidium is hyaline, elliptic to cylindric, unicellular, 20~37.5X 7.5~12.54, mostly
22~28X8~12p.

Host and material : On blighted needles of Abies mariesii Mast. (Aomori-todomatsu)——
Narusawa, Yamanashi Pref., IX-, 1960, by Y. Zinno, and Pinus pumila ReceL (Hai-matsu),
Miyata, Nagano Pref., IX-, 1966, by T. Kuso.

Note: As mentioned earlier, this undetermined group is separable from the hitherto
known species of the genus Rhizosphaera by its longer conidia. Monosporous culture from
the fungus on Pinus pumila was obtained successfully. Dark brown-coloured colony develop-
ed on potato-sucrose agar. Its growth is comparatively slow, and small black pycnidia are
scatteredly produced on the colony, then mucous conidial masses ooze out from them.
Conidia produced on culture are quite identical with those on the host plant (Table 2, Figure
7 and Plate 4, F, G). It is worthy of note that the culture of Phaeocryptopus nudus (Prck)
PeTR. is quite similar to that of this isolate from Pinus pumila not only in its macroscopic
appearance but also in the size of conidia produced on it. Verification of life-historical
relationship between these two fungi remains as an important problem for future study and
solution.

4. Rhizosphaera oudemansii MAUBLANC, Bull. Soc. Myc. France 23 : 173, 1907

Synonym :  Sacidium abietis Oupemans, Contrib. Fl. Myc. Pays-Bas XVII, P, 333, 1900;
Saccarpo, Syll. Fung. 16 : 992, 1902

Note: Among the hitherto known species of genus Rhizosphaera, R. oudemansii MAusBL.
has been recorded only once from the Netherlands®®, The author has not seen either its
specimen or its original description and figure, According to MausLanc'®, however, general
features and figure given by Oupemans as Sacidium abietis Oup. are quite identical with those
of Rhizosphaera pini (Cpa.) MausL. except for its conidia being smaller than the latter, as
shown in Table 1. So, he transferred it to the genes Rhizosphaera from Sacidium, and newly
named it as R. oudemansii MausL. to avoid confusion with R. abietis Manc. et Har., 2 synonym
of R. pini (Cpa.) MausLanc. Judging from his treatment and from the description by
Saccarpo?®, it seems highly probable that this fungus is maintained in the genus Rhizosphaera.

Summary

1. Justification of the genera Rhizosphaera Mancin et Harior and Rhizophoma PeETRAK et
Sypow was critically reexamined. The genus Rhizophoma lost its independency followed by
the revision of misdescription of the old genus Rhizosphaere made by Mancin and Harior.

2. Nomenclature of the species name pini in the type species of both genera is of
Rhizosphaera pini (Cpa.) MausL. described in 1840. The species name of Rhizosphaera kalk-
hoffii Bus. is, therefore, revived for Rhizophoma pini (Desm.) PeTr. et Syp., first described in
1848, under the genus Rhizosphaera.

3. In the course of identification on Japanese materials, it was found that three species
belonging to the genus Rhizosphaera were distributed in our country, two of which were the
hitherto known species, namely R. pini (Cpa.) MausL. and R. kalkhoffii Busix. At the same
time, Rhizosphaera radicata Naoum. was treated as a synonym of R. kalkhoffii Busik.

4, On the other species identification was retained here and its morphological and
cultural characters were briefly noted. It was pointed out that the culture of Phaeocryptopus
nudus (Peck) PeTR. was quite similar to that of this undetermined Rhizosphaera, and further
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study to verify the genetic relation between them is required.
5. Judging from the critical notes made by MausLanc and Saccarpo, Rhizosphaera oude-
mansii MAusL. may remain to be the fourth species in this genus.
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Explamation of plates

Plate 1
Rhizosphaera pini (Corpa) MAausLANC

A: Blighted rieedles showing minute black pycnidia on the under leaf surface
(A piece of PARATYPE specimen on Abies pectinata DC. deposited in France).
xX1.2

B: Do. On Abies veitchit Lino. X1.3

C: Enlarged needles showing a number of pycnidia arranged into two streaks. On
Tsuga diversifolia Max. X2.5

D: Do. On A. veitchii. X2.5

E: Closed masses of pycnidia having white resinous substance on them. On A.

pecticata. X 15
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F : Pycnidium having apparent stalk- and ball-like hypostroma on A. pectinata. Stained
by KOH. X370
Plate 2
Rhizosphaera pini (Corpa) MAuBLANC
A: Pycnidium on Abies veitchii Lino. X370
B: Conidia on A. pectinata DC. X500
C: Conidia on A. veitchii. X500
Rhizosphaera kalkhoffii BuBAk
D: Diseased seedlings of pines in Asakawa nursery. (Photograph by Mr, T, Uozumr)
Front row : Heavily blighted seedlings of Pinus densiflora Sies. et Zucc.
Back row : Seedlings of P. thunbergii Parv. infected very slightly
E: Mature pycnidia broken out irregularly on their upper wall. On P. thunbergii. X210
F: Do. On P. densiflora. %210
Plate 3
Rhizosphaera kalkhoffii Busik
A: Heavily blighted needles of Pinus densiflora Sies. et Zucc. (Photograph by Mr.
Uozumr)., X1/2
B: Closed mass of pycnidia forming regular-row. On P. densifiora (Photograph by
Mr. T. Uozumi). X25
C: Conidia on P. densiflora. X500
D: Conidia on P. thunbergii. X500
Rhizosphaera sp.
E: Blighted needles of Abies mariesit Mast. showing minute black pycnidia on the
under leaf surface. X2
F: Blighted needles of Pinus pumila ReceL. X1.5
Plate 4
Rhizosphaera sp.
A: Closed mass of pycnidia forming regular row of black globules. On Abies mariesit
Mast. X20
: Do. On Pinus pumila ReceL. X15
: Pycnidium on Abies mariesii. X370
: Pycnidium on Pinus pumila. X370
: Conidia on Abies mariesii. X500
: Conidia on Pinus pumila. X500
: Conidia produced on culture isolated from the conidium on Pinus pumila. X500

Q" EUow

Test-tube cultures of Rhizosphaera and Phaeocryptopus (After a month on potato-sucrose agar).
X2/3
H: Left: Rhizosphaera kalkhoffii Busix isolated from Pinus densiflora S. et Z.
Middle : Rhizosphaera sp. isolated from Pinus pumila REGeL.
Right: Phaeocryptopus nudus (Peck) PrTrax isolated from Abies homolepis S. et Z.

(two colonies).
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1965 SEOF LRI T, AL SBE, Rt o fEChic » T, RAED 5\WIZATHE
B v RC—ROBEREAARE L, 2 ORI SEIRS 5\ 2 LIBHINC 55\ CRHAY
LRBENMON TV IDRT, SED XS IRIBAREDORFRLE » el it oo Lictds THRER X
OREECET MR EA LS, RREEX DhAEOREDL REh T, 7AW Rhizophoma B
B\ Rhizosphaera BO—FETH A5 & INTWIRT TR\, 2 T DEEAREXRC, FRE
IOREEOREMEL L Y HF bh, EEIREEOMBORELXAY LT, PSORAKS LU
X - THRELBIB L.

RECHe - TR ETHRBMBEO - Y FERALINETS L L b, < LANRERE#Y LD TMO
HEHOBERL SREL O LD, ThDHOFELERR JOREERC X » TEOHRBRAE LS -
TR, brEE, A—BCBL, kAWICHERERYEToEP L3 3BED 2 2 L%
B2 fc (Table 2, Figure 1~4), ZhLOBIMBIICIZE - S RKAT 2 L2 BELL, BbRGE
RTFOREICT I - THEIZhS,

ZDO3WOEL, M X - TRROLHLHIIT% &, Perrak & Sypow™ A% 1927 i Rhizo-
Sphaera B L HEMN. X7, Rhizophoma J& & = DN E -7 —B, T 5, LK, Rhizosphaera B
1% 1907 4¢ Mancin & Harior!'®IC X o, C Abies pectinata DC. LOE% b i LTRIR INTELE
FRBREBO—BTH %, Rhizosphaera BIMTFRTMCKILER T LWL KILET OBENRA GERE
BFRECTIHEYHH>E T hypostroma BFFELS) #FTHEVIFBICI - THFF I i,
Mavey LI Z OBEEKRIRCIE DX, BAALYDE, WErRE, WTFRPERCIE X, AR
SERTFEEGEC OV TLSH, DEDRRTFRABOECGEFEEAETL, WEDLDIAFRT
W BOVBERMGERROGEFEECHE TS & L, phbid, ZTORERGE S BDIL oi#lo
FEFELHECI, ERXOBORELFTIIEOEFEFELAONTWin . £DITKREITIE3
FEHhME b, BEABEINH SN TS, WiLson & WaLpie®® & (34 F ) AEORBHE 2 BIZOWTO,
AKEDZA 7T Rhizosphaera pini (Cpa.) MauvsL., DEEEEARICIE Mancin D 5 iR W44 FRE
HONT, SERTFIRTFREDS DEHEFETHZ L, WEDE OO R kakhoffii Bus. 13 % -7 H4EF
BERE, COREGERFOREIOLNVHAHEDENATHLZ L M L o Perrar BIT,
Wison BAEOFEBIR & LB ERTHRAEOBLAVEERL, BT /M € %2 & ® T Rhizo-
Sphaeva kalkhoffii Bus. % % &\2 L"C Phizophoma B 5 HEMT X810 TH 5,

L Z AN WiLson BARDI X 51T, Rhizosphaera BDF A4 7R WT, HEFEOFELXYAZ T

(1) RESBHRPHERTIRE
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BOIRAIRE Maxen HOXTHBHE L, Fh Pereart® pUEHLic X 51, SHAETEE LICsERT
LD LRAETIWTREER O, LELERBERIC KW TRAERN OB ¥ i Mg opes
PBoT, DErbHETFHEAREEIOART V2 &, X5 Perrak biX Rhizosphaera pini (Cpa.)
MauvsL., DOWTEEARD B TiXis{ ManciNn LOTE, bSETEOFELEXRD T, FTEFEEXRS R
kalkhoffii Bus. L BERICLO 2L LTWB I L, Db, KR OWBEOHENSRI LTL OFERTH
BHECKRENZERD D 5h &5 pIgEn bichic,

ZORMEBETAIDICE I o177 T VA, 20 OEN BAREISFIEWE{EFED Rhizosphaera pini
(Coa.) MaveL. & paratype #.5 < UEEA 2 ROFEEIL, FTEBTIBRABAMIEES X OWRTRAE
DOEEFEL, FEFELLLAVCIEXLDL, FBERRFOBNERDEDOLL Maneiy 5O
WIERD LSRR > T B DO LR Eh, Mavein 5OBOTEHD 5 boETECETIHMIEEIT
HBENBHE LI 5Tz, Lichis T, Rhizosphaera BORHEITI—MEESh, AKE, hick»
T Petrak DAY Rhizophoma BRI X ¥I-F/-5BAIT E & T5 O T, Rhizophoma BiTSTcTTF
Rhizosphaera BICHE I, TDORK LIRS,

COWEL LA TENERThR LB pini 2FT 50T, A—BCHATIHEGThrOBAIL
ZDF EFHVbRic\, Rhizosphaera pini (Cpa.) MausL. {3 1840 SIS X iz Coniothyrium pini
Corpa &% &3\ Tk b, —J Rhizophoma pini (Desm.) PeTr. et Svyp. (3 1848 FIZE#, S iz Sphae-
ronema pini DEsMAzIRRE % S LT LT\ 5, Licdl, THAHEL Rhizosphaera pini (b Y, Rhizophoma
bini (X Rhizosphaera BOT TIX pini OBE{EAVB I ENTERV, £ T, ZOBRRLOENT
2FBBWCH R TH D Rhizosphaera kalkhoffii Buik H5.5-7--OEIET 5,

—75 CLEments & Suear® (% Ectosticta Seec. JB & Sclerochaeta Houn. (=Chaetopyrena Pass.?) B
% Rhizosphaera BORAL LTAELT 5. EEIZOMBEOBER LR TS, WThbKRE
BeosETro s, BELLTHEMELLE - A REOHTRELEL, BHEIIOLERTRICHIE
DHBTEL, REDDLRBICETIZ OWEY Rhizosphaera BORZLTH T LiXRE LI,

RERORECAREORBEIEDO OB 28 IFEMOBECHE4 L (Table 1, 2, Figure 1), ThFh
Rhizosphaera pini (Cpa.) MausL. ¥ X U° R. kalkhoffii Bus. LREINTc, H& D 1BIFERTIK
ELBABCHET 00 LA LERERB RV L, A <Y LOERSLOBETRER.
Phaeocryptopus nudus (Peck) PeTrAk DEERICLI TR D, BEIERLCETHH5ETFORE X250 H
DERIC—HL, ZOWEDOFARBRICOVTORHSVETHDZ &5 5, & 2Tk D Rhizosphaera
BEOBRAOREIIZB L, AWK Rhizosphaera BO—FEE LTk,

Naoumorr 2im < 7 5 b4 U7z Rhizosphaera radicata Naoum. (X, Luvx™ % Perrak B935S
L, %7c Tablel, Figurel ©&ZBh 3 X 51C, FDHAEL: Rhizosphaera kalkhoffii Bus. 7 X { —F3
BDT, TDORZ[LELUTAELI,

A5 v Eh b Ouvemans 58345 LTc Rhizosphaera oud mansii MauvsL. (%, (I U Sacidium abieiis
Oup. & LTEHKINIcH, MavsLanc'®DFBEIC X b Rhizosphaera Bz X1, FRC R. pini (Cos.)
MausL, DELTH %5 R. abietis Manc. et Har. L OBLOEREILY JT 2 edFl-hfL ihizd o
THBo LOEIRIABCEY TS L0, FEORERL LD Z LR TERD - i2ht, MavsLanc
R Saccarpo®® DS HYET LT Rhizosphaera BOBEEELX TIWdDEBbI B,
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7s3s, ABEDOEELCHEL Perrar 11X UH% OFELFRILS S Phaeocryptopus BTH 5 5 & BTE
Lz ZHIEH LT Roupe®™ XFBEOSEEERY I Z7c\s, Phaeocryptopus nudus (Peck) PeTr. ¥
X0 P. gaeumanni (Rouve) PeTrR. & Rhizosphaera kalkhoffii Bus. 35 X U% R. pini (Cpa.) MAusL. & D
HVIRCIEFERERITRE L, & 2528 Perrak®™ (357272 0F Ruove D RARCKIEL L, Rompe D
HEE B ERIITESL TH D B L\~ & LT, Rhizosphaera pini i3 Phaeocryptopus nudus DX+
FiTH Y, R kalkhoffii \L/pNESERTFHAAGTIZ BV EEE LIz, AinsworTE & Bissy? O
» BIESE” 1 PeTrak OPEFDE FE 5T ANRTV 5, PeTrRAK D Z D Rompe DRI+ 5K
ER—EHD L HTH D, BEOEABECK LTI SO EENENLY BT Tis. EELO
SEEERT S\ TIE, A & Rhizosphaera kalkhoffii Bus, & Phaeocryptopus nudus (Peck) PETRAK
& oML, Romve DIEMEFRR - ARBROLWZ ERHELN TH » Too L>L Rhizo-
sphaera kalkhoffii LS+ DFE L Phaeocryptopus [BEE, Phaeocryptopus nudus LISt OFE L Rhizosphaera |
HEOHWIEORRBEROFECOVTL, SEBENEVBELINIMETHS,

PEORTERHERXYBEL, ALXEOHEMETTENFEORE, BAYRELDLL, KbHIKRE
HOBRREREMN T

Rhizosphaera MANGIN et HARIOT, charac. emend., Bull, Soc. Myc. France 23 : 56, 1907;
Saccarpo, Syll. Fung. 22 : 917, 1913; Grove, Coelomycetes I, p. 141, 1935.

£ 4% : Rhizophoma PeTrak et Sypow, Rept. Spec. Nov. Regni Veget. Beih. 42 : 472, 1927.

1. Rhizosphaera pini (CORDA) MAUBLANC, charac. emend.,,——(Plate 1, A~E, Plate2, A~
C, Figure 5)—Bull. Soc. Myc. France 23 : 171, 1907; WisoN & WaLpie, Trans. Brit. Myc. Soc.
13 : 151~152, 1928; Grove, Coelomycetes I, p. 141~142, 1935,

E 4 : Coniothyrium pini Corpa, Icon. Fung. IV, t. VI, f. 105, 1840

Sacidium pini (Cpa.) Fries, Sum. Veget. Scand., p. 420, 1849
Leptothyrium pini (Cpa.) Saccarpo, Syll. Fung. 3 : 627, 1884
Rhizosphaera abietis Mancin et Harior, Bull. Soc. Myc, France 23 : 53~68, 1907

B : Abies pectinata DCAV | A, grandis Linp.9339, A, fraseri Lino.D, Pinus sp2®, v 5<%
IO =2 Y A OGECET D,

A M (75 AP, g Y 202D f o B f X p YT, 5 a R mIF T,
A2 YT ek (72 Y HD) KIUT 7 (HE,

&kl ¢ Abies pectinata DC. 2 5 (Manein DEEIC L %, Paratype 1 Ex &), vIFX2HBIY
24V H 1K,

50E : Table 2IA BN L 51, LAETRERUBFCHML, EhO~ Y FIh LD bhigh
oo M TR DICREFELBEL T I HOEM (B REL LTRAIA TV, BERLKE
DHBERBIVTROTRRI) (RREF) kb h, HROMBK X - T Perrak OEBABHHRT 5 Li2
TEIh o,

* ZORIKDWTIX, Phaeocryptopus BB OBRIHE#FHR Lis e 57V DT, & 2 TREL
kLo,
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2. Rhizosphaera kalkhoffii BUBAk—(Plate 2 : D~E, Plate 3 : A~D, Figure 6)—Ber.
Deut. Bot. Ges. 32 : 188~190, 1914; Luvk, Ann. Myc. 21 : 133~142, 1923; WiLson & WaLbpiE, Trans.
Roy. Scott. Arb. Soc. 40 : 34~36, 1926; Grove, Celomycetes I, p. 141~142, 1935; WATERMAN,
Phytop. 37 : 507~511, 1947

B 4% : Sphaeronema pini Desmaziire, Ann. Sci. Soc. Nat. 3, Ser. X, p. 347, 1848.

Phoma pini Saccarpo, Syll. Fung. 3 : 101, 1884

Sclerophoma pini Honn., Sitzb. Akad. Wiss. Wien, Math. Nat. KI. Abt. I, Bd. 118 : 1234,
1916 ,

Rhizophoma pini (Desm.) PeTrAK et Sypow, Rept. Spec. Nor. Regni. Veget. Beih. 42 : 472
~474, 1927

Rhizosphaera radicata Naoumorr, Bull. Soc. Myc. France. 30 : 385, 1914

FE:F ULy by ed0M o |5 oy e O8208) Piegg pungensOIODZDID P pypgens var.
argentegPO1ZIID | P yigyg Link2VMW, P. glauca®®3, P, orientalis CARR.?®®, P, gbies1®)2838)
P. schrenkiana Fisu. et MEevYer?™®®, Abies pectinata DC.9203 A, nobilis Linp.®1839, A, sibirica
LepER.929, £ 75 A7 » —3, Pinus austriaca Houss®'®3%, P, mugo Porr!®®, P, nigra Arn®, * v
RF=UOMW 2 fp— S U® 7y NIy g oy OIIDININO 5y N v S ¥ T3 YO
$HECET D,

SAEKIN(r o728 A p YT, TS URD KLU F o aARAFTY, Y1020
A FY RAOMMIN 7 S5y RFORO 5y gD e (72 Y AVID HFHB) B IRT ST
GESEEE N

BE :THh=VALAE, /=4 AERI0e~=F Y aay 14,

ECEE : AHIX Table 2 KABIhBXOK, o2 R b, 2 1,000m T OEMT T~ ¥ Hic
DHET Do BORTII—HIT b v e HOEMR (B REL LTHbA TV, RREEMED L TIIR
b4, FERENEL, ML LHENS VS, ERFOELVAEFRIRLA LRI TR LT,
Roupe?® L WATERMAN'® 2\FBERER A 3T 70 » TEHETFOERBNEHE A DT\ 5 3 713, Peace?®,
WaTerMAN®® 2% b v e HICBEEERY LB K b, 2 EXTR LTV 21T &g,

OO E T ARSI R B REIC X B~ Y OEMERE ORERRZ OO0 R OH
ETHD, 1965 FORRBECHE L TTE?, ABPLIRERE, BRFRFCOVTHEREER LR
WLTHEL, TECL - TREC L5~y ORENTTEGR L ERC AL Ihic, EHEPPRILR
TH=Y, 1w 0E D e—VvERS, TTEMRBREEN v — v CTHEELZEOD D LR
U, SHLICTFEY, Prace B IIUE, ~v, byt OKECT 2RED D VIBRL, B
ST X BIEHEPIK D DR, BHEOT VAT VAR L s THBRIBESRELLWV AV,

ARGERTRIBEFCRFELEL, HHVAFEHEL IR BEFHOVW-THh2LE, Obic
GR—DE% 5 %RET D, REIRFT, Warterman® pRR LA L 51, Bk & hEESERTFLYE
£, BEETIRACKBEROSERTHAZEED S X —HE T £ T 5, Phaeocryptopus nudus
(Peck) PETRAK DHEZ 31X & F 57 &Y, Roupe®™ HUEH L= X 51C, WMEDOHEOFBEEERIT
BEIND,
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3. Rhizosphaera sp.——(Plate 3 : E, F, Plate 4:A~G, Figure 7)

BELIVEE: 742 P F=YBIVA~M =V & 1 EOHECETS,

£8BH 1 & R HITIEROEL Rhizosphaera pini (Cpa) MausL. L I3GEBMFES BV XGERTFO
RELBOKKE X » TEHIE 5 (Table 2, Figure 1~4), 200&HD 5B, 4 <Y EOGERTL
DAy HE LT85, Rhizosphaera kalkhoffii Bus. DX 13 % »7c{ Bix52%, R. pini (Cpa.) MausL.
DHBETLREE Liciced, ZOWHEDOEREMMNCTERD oo —FF Phaeocryptopus nudus (Peck) PrTr.
DERO—BIVERS LU0 ECBRIhFERFORE IH, ~1 <Y 2205 M 2 hic Rhizo-
sphaera Bk DTRE LT3, 2Dz Ep b, ZDEDOHE & Phaeocryptopus BHE & DBIR%E X HIT
S OEFE L OGHERCT L » TRHNTILERD Y, T TRERORERLERLI,

Rhizosphaera BEOKRER (FEIIA OB ARIAREERE)

Ay FERTFIRPEL Q0 HT), I LERE, EficEL~YRCETS

........................................................................... R. kalkhoffii Bus.
As: FERBTFIZAE (102 BLE), #AML LEEAK
B : SHFITFUL 9~13XT~9.5u, BEFITY +vovererererererrasararsannanans (R. oudemansii MAuUBL.)
By : SAERITE 150 b, BHCEL, EHUEEECETS, ‘
Cit DHEPITIL 16~20X8~10s ++eeeeereeeecrtrennnimniieenemnnranmannens R. pini (Cpa.) MausL.

Co t BHEMATIT 22~ 28X Br12peeeeereessrrmsrrrnmersenssssrsnunnesenes R. sp.
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